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Microsporidia  are  obligate  intracellular  parasites  that  produce  spores.  The  infections  caused  by  these
parasites  are mostly  considered  to be  opportunistic  in immunodeﬁcient  patients.  Because  of  the  zoonotic
nature  of  microsporidia  as well  as  the  increasing  prevalence  of  immunodeﬁciency  diseases,  the  aim  of  this
study  was  to evaluate  the  molecular  diagnosis  of Enterocytozoon  bieneusi  (E.  bieneusi)  and  Encephalitozoon
spp.  in  exotic  birds  in  southwestern  Iran.  Initially,  816  stool  specimens  were  collected  and  stained  by
modiﬁed  trichrome  (Weber)  staining.  The  slides  were  explored  using  light  microscopy.  In  the  next  stage,
the  extracted  DNA  was  ampliﬁed  using  a multiplex/nested  PCR  method.  RFLP  with  the  Mnl1  restriction
enzyme  was  used  to differentiate  the  Encephalitozoon  species  in the products  of  the  molecular  analysis.
Out  of 816  samples,  138 and  181  cases  were  found  to be  positive  by  the  staining  and  the multiplex/nested-
PCR  methods,  respectively.  Of  the  181  samples,  103  and  78  samples  were  positive  for E. bieneusi  and
Encephalitozoon  spp.,  respectively.  The  Encephalitozoon  species  were  17 E.  cuniculi,  52 E. intestinalis  and
9 E. hellem.  Of 103 E. bieneusi  samples,  57,  39, 2 and 5  cases  were detected  as genotypes  D,  M,  E and
L,  respectively.  The  results  showed  a relatively  high  prevalence  of  microsporidia  in exotic  birds,  and
according  to the  results  of  the  genotyping,  these  birds  can  be an important  source  of microsporidiosis.  It  is
essential  that high-risk  individuals,  including  patients  with  immunodeﬁciency  diseases,  receive  accurate
and  valid  information  about  the  risk  of  direct  and  indirect  contact  with  infected  exotic  birds.
© 2017  The  Authors.  Published  by Elsevier  Limited  on  behalf  of King  Saud  Bin Abdulaziz  University
for  Health  Sciences.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://ntroduction
Microsporidia are obligate intracellular parasites. Although the
hylum microsporidia consists of 150 genera and 1200 species,
ncephalitozoon spp. (including E. intestinalis, E. hellem, and E. cuni-
uli) and Enterocytozoon bieneusi (E. bieneusi) are the most frequent
auses of human microsporidiosis [1]. These microorganisms can
ause infection in both a wide range of animals and humans [2,3].Please cite this article in press as: Tavalla M,  et al. Molecular diagnos
Encephalitozoon species in exotic birds in Southwestern Iran. J Infect P
he life cycle of the parasite consists of 3 stages: the infectious
tage, the growing or replicating stage (schizogony) and the spore
ormation stage (sporogony) [4]. The symptoms of microsporidiosis
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include myositis, keratoconjunctivitis, hepatitis, sinusitis, dissem-
inated infections [5], chronic diarrhea, severe weight loss, nausea
and confusion [6]. It is possible that these parasites are transferred
through water contaminated with animal stool [7].
In recent years, Encephalitozoon spp. and E. bieneusi have been
detected in birds. Birds are considered as the primary hosts of E.
hellem [8]. For example, the parasite was found in ducks, pigeons,
geese, crows, pufﬁns, hummingbirds, swans and cranes [1,8–11]
and in captive birds from the order Psittaciformes, which includes
lovebirds, budgerigars, Eclectus parrots, parrots, cockatoos and
lories. E. hellem has also been identiﬁed in ostriches and Gouldian
ﬁnches [1,12–16]. In addition, E. cuniculi has been detected in cock-is of potentially human pathogenic Enterocytozoon bieneusi and
ublic Health (2017), http://dx.doi.org/10.1016/j.jiph.2017.07.028
atiels, chickens, and pigeons [10,17,18], and E. intestinalis has been
found in pigeons and geese [9–11]. Furthermore, E. bieneusi has
been identiﬁed in chickens, grey parrots, pigeons, cockatiels, love-
birds, ﬁnches, falcons and other birds [10,19–23]. These examples
n Abdulaziz University for Health Sciences. This is an open access article under the
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Table 1
The exotic bird families and their species included in the current study.
Exotic bird families Species
Fringillidae Carduelis spinus; Carduelis ﬂavirostris;
Linchura cantans
Canary Serinus canarius canarius
Psittacidae Psittacula eupatria or Psittacus erithacus
African grey parrot Psittacula krameri
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Table 2
The primary and secondary primers used for the multiplex/nested PCR [29].
Primary primers Secondary primers
MSP-1: TGAATGKGTCCCTGT MSP-3: GGAATTCACACCGCCCGT
C(A,G)(C,T) TAT
MSP-2A: TCACTCGCCGCTACT MSP-4A: CCAAGCTTATGCTTAAGT
(C,T)(A,C)AA(A,G)GGGT
MSP-2B: GTTCATTCGCACTACT MSP-4B:
CCAAGCTTATGCTTAAGTCCAGGGAGBudgerigar Melopsittacus undulatus
White-eared Bulbul Pycnonotus leucotis
Passeriformes or Myna Acridotheres tristis
mply the zoonotic potential of microsporidia [24]. Notably, expo-
ure to pigeons may  be the signiﬁcant link in the epidemiology
f human microsporidiosis [9], as well as exposure to pet birds of
ome patients with ocular microsporidiosis [25]. On the other hand,
hese parasites can be life-threatening in immunodeﬁcient individ-
als [2,7]. Hence, because of the zoonotic nature of microsporidia
s well as the increasing prevalence of immunodeﬁciency diseases,
he aim of this study was to evaluate the molecular diagnosis of E.
ieneusi and Encephalitozoon spp. in exotic birds in southwestern
ran.
ethods
ample collection
Initially, 816 fecal specimens were collected from several pet
hops and houses in Ahvaz city, Khuzestan province, southwestern
ran, during the period 2012–2014. Table 1 shows the exotic bird
amilies and their species included in the current study. The col-
ected samples were transferred to the Department of Parasitology,
hvaz Jundishapur University of Medical Sciences. Part of the fecal
ample was used for the smear preparation and staining. The rest
f the feces was mixed with two volumes of potassium dichromate
.5% and was stored at 4 ◦C [26].
taining
First, 816 stool samples were stained using modiﬁed trichrome
Weber) staining. The slides were ﬁxed with methanol and placed
n the trichrome stain for 240 min. After decolorization with acid-
lcohol and washing with 95% ethanol, the slides were placed in
bsolute ethanol. Next, to identify the spores, the slides were exam-
ned by optical microscopy at 100× magniﬁcation with immersion
il. The positive samples were identiﬁed by the dorsal vacuoles in
he microsporidia spores [27,28].
xtraction of DNA
The DNA was extracted using DNA stool kits (Bioneer), and the
xtracted DNA was stored at −20 ◦C. This kit consisted of spin
olumns that absorbed the parasite DNA and eluted the puriﬁed
NA after washing twice with special buffers [28].
olecular detection
The extracted DNA was examined using the multiplex/nested
CR method that was used to identify the microsporidial genera
f Enterocytozoon and Encephalitozoon. For PCR, we  used the spe-
iﬁc primers that were designed by Katzwinkel-Wladarsch et al.
29]. These primers were designed based on the small subunit ribo-Please cite this article in press as: Tavalla M,  et al. Molecular diagnos
Encephalitozoon species in exotic birds in Southwestern Iran. J Infect P
omal RNA (16S rRNA) gene that was used for the identiﬁcation
f different species of microsporidia. The primers were purchased
rom Bioneer Company and stored at −20 ◦C. Table 2 shows the
rimary and secondary primers used for the multiplex/nested PCRFig. 1. The microsporidia spores in the stool sample of exotic birds that were stained
by  Weber staining and examined microscopically at a magniﬁcation of 100×.
method. The lengths of the fragments ampliﬁed by the primers
were 500 bp and 300 bp for the microsporidial genera of Entero-
cytozoon and Encephalitozoon, respectively. First, the samples were
examined with the primary and secondary primers using the mul-
tiplex/nested PCR method. Then, the RFLP method with Mnl1 was
used to differentiate the species of Encephalitozoon in the multi-
plex/nested PCR products [28].
Sequencing
For genotyping, the positive samples from the RFLP assay were
sequenced by the Bioneer Company (Daejeon, South Korea). After-
wards, the speciﬁed sequence was compared with the sequences
of the registered isolates available in the GenBank library (NCBI),
and the homology between sequences was examined using BLAST
software [28].
Results
Stainingis of potentially human pathogenic Enterocytozoon bieneusi and
ublic Health (2017), http://dx.doi.org/10.1016/j.jiph.2017.07.028
Fig. 1 demonstrates the stained microsporidia spores in the stool
samples of exotic birds. Of 816 samples, 138 cases were suspected
to be positive for the parasite spore by the staining method, and
of these 138 samples, 119 cases were veriﬁed as positive by the
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Table  3
The results of the molecular analysis of stool samples from exotic birds.
Birds Number Positive E. bieneusi Encephalitozoon spp. E. intestinalis E. hellem E. cuniculi
Budgerigars 180 52 33 19 12 3 4
Myna 130 28 12 16 13 1 2
White-eared Bulbul 150 13 10 3 1 0 2
Canary 120 43 21 22 9 5 8
African grey parrot 41 9 8 1 1 0 0
Psittacidae 103 21 8 13 12 0 1
Fringillidae 92 15 11 4 4 0 0
Total  816 181 103 78 52 9 17
Fig. 2. The comparison of the staining and multiplex/nested PCR methods in the
detection of microsporidia spores.
Fig. 3. Electrophoresis of the SSU rRNA gene PCR products on a 1.5% agarose gel,
M:  DNA marker 100 bp, sample 1: Encephalitozoon spp. positive control, sample 2:
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Fig. 4. Electrophoresis of the RFLP products on a 2% agarose gel.egative control, samples 3, 4: Encephalitozoon spp. positive samples, sample 6:
.  bieneusi positive control, samples 7–9: E. bieneusi positive samples, samples 5,
0–11: negative samples.
ultiplex/nested PCR method. Fig. 2 shows the comparison of the
taining and multiplex/nested PCR methods for the detection of
icrosporidia spores.
olecular analysis and genotypingPlease cite this article in press as: Tavalla M,  et al. Molecular diagnos
Encephalitozoon species in exotic birds in Southwestern Iran. J Infect P
Fig. 3 shows the electrophoresis of the SSU rRNA gene PCR prod-
cts on a 1.5% agarose gel. Fig. 4 shows the electrophoresis of the
FLP products on a 2% agarose gel. Moreover, Table 3 presents the
esults of molecular detection of the stool samples obtained fromM:  100 bp Marker, 1: Encephalitozoon spp. without enzyme, 2: negative control, 3:
E.  bieneusi without enzyme, 4: E. intestinalis (160 and 60 bp), 5: E. hellem (180 and
80  bp), 6: E. cuniculi (210 and 90 bp).
exotic birds. According to these ﬁndings, of 816 samples, 181 sam-
ples were found to be positive by multiplex/nested PCR. E. bieneusi
and Encephalitozoon spp. were detected in 103 and 78 samples,
respectively. Of the Encephalitozoon species, there were 17 E. cuni-
culi, 52 E. intestinalis and 9 E. hellem.  Of 103 E. bieneusi samples,
57, 39, 2 and 5 cases were detected as genotypes D, M,  E and L,
respectively.
Discussion
Different infectious diseases can threaten public health [30]. For
example, human microsporidiosis is life-threatening to immunod-
eﬁcient patients [2,7]. Hence, given the zoonotic potential of the
microorganisms as well as the increasing prevalence of immun-
odeﬁciency diseases [31], the aim of this study was to evaluate
molecular diagnosis of E. bieneusi and Encephalitozoon spp. in exotic
birds of southwestern Iran. Since these birds have indirect and
direct contacts with humans, we selected exotic birds for evaluation
in this research. We  used the Weber staining protocol according to
Ryan et al. [32]. In this protocol, the blue aniline stain has better
contrast with fungal agents and bacteria [32]. PCR methods are suc-
cessful techniques that can identify microsporidia parasites with
small numbers of spores. Based on different studies, the detection
threshold of the microsporidia spores is 100 and 10,000–1,000,000
spores per gram of feces by PCR and light microscopy methods,
respectively [33,34]. Therefore, we  observed that of 816 specimens,
138 cases were positive for microsporidia spores using a staining
protocol, but with the multiplex/nested-PCR method, 181 of the
816 samples were positive.is of potentially human pathogenic Enterocytozoon bieneusi and
ublic Health (2017), http://dx.doi.org/10.1016/j.jiph.2017.07.028
The highest prevalence of human microsporidiosis is related
to E. bieneusi. In the current study, E. bieneusi also had the high-
est prevalence in exotic birds. The results of the research showed
that 103 out of 181 fecal samples were infected with E. bieneusi
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Table 3). Consistent with these results, Kemp and Kluge had
eported microsporidiosis in exotic birds for the ﬁrst time in 1975
35]. In 2002, Reetz et al. detected E. bieneusi in nonmammalian
osts (chickens) for the ﬁrst time [36]. Consistent with our ﬁnd-
ngs, E. bieneusi had the highest prevalence in the birds in all of
hese studies. E. bieneusi has been identiﬁed in chickens, grey par-
ots, pigeons, cockatiels, lovebirds, ﬁnches, falcons and other birds
10,19–23]. In addition, we indicated that of 103 E. bieneusi sam-
les, 57, 39, 2 and 5 cases were detected as genotypes D, M,  E and
, respectively. Consistent with our results, it has been suggested
hat genotype D is the most common genotype in most investiga-
ions [37], which could be associated with the potential prevalence
f the genotype [28].
We  detected that 78 samples were infected with Encephalito-
oon spp., including 17 E. cuniculi, 52 E. intestinalis and 9 E. hellem.
. intestinalis has also been detected in pigeons and geese [9–11].
n contrast to these studies and our study, Kasˇicˇková et al. reported
hat microsporidial DNA was detected in 115 fecal samples in 2009
40.1%). There were 36 birds (12.5%) infected with E. bieneusi, 36
irds (12.5%) infected with E. cuniculi and 18 birds (6.3%) infected
ith E. hellem.  None of the samples were positive for E. intestinalis.
n addition, co-infections were identiﬁed in 25 birds: E. bieneusi
ogether with E. hellem in 11 cases (3.8%) and with E. cuniculi in 14
irds (4.9%) [38]. Moreover, in 2007, Kasˇicˇková et al. showed that E.
uniculi had the highest prevalence in cockatiels [17]. E. cuniculi has
lso been detected in chickens and pigeons [10,18], and E. hellem
as been found in ducks, pigeons, geese, crows, pufﬁns, humming-
irds, swans and cranes [1,8–11] and in captive birds from the order
sittaciformes, which includes lovebirds, budgerigars, Eclectus par-
ots, parrots, cockatoos and lories [1,12–16].
This research is important and signiﬁcant in terms of public
ealth because the opportunistic pathogens and parasites were
solated from exotic birds in southwestern Iran. Because of the indi-
ect and direct relationships of microsporidia with humans, these
xotic birds are an important source of contamination. Further-
ore, it is recommended to investigators to evaluate the various
osts as well as the role of the hosts in infecting different individu-
ls. In conclusion, the results showed a relatively high prevalence of
icrosporidia in exotic birds, and according to the results of geno-
yping, these birds can be an important source of microsporidiosis.
hus, for the design of proper precautionary programs, it is essential
hat high-risk individuals, including patients with immunodeﬁ-
iency diseases, receive accurate and valid information about the
isk of direct and indirect contact with infected exotic birds.
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